Objectives. Self-regulation refers to the practice of using self-imposed restrictions to protect oneself from situations that are, or are perceived to be, unsafe. Within the driving context, self-regulation refers the compensatory practices that some older adults adopt to restrict their driving to situations in which they feel safe. However, the way in which demographic, functional, and psychosocial factors, and the interactions between these factors, influence older adults' driving self-regulation is not well understood. Improving this understanding could lead to new ways of considering the mobility concerns faced by older drivers. Method. A systematic review of the current literature was conducted to explore this issue. Twenty-nine empirical studies investigating the factors associated with older adults' self-regulatory driving behaviors were examined. Results. The review findings were used to construct the Multilevel Older Persons Transportation and Road Safety (MOTRS) model. The MOTRS model proposes that individual and environmental factors such as age, gender, and the availability of alternative transportation predict older adults' practice of driving-related self-regulation. However, these variables influence self-regulation through psychosocial variables such as driving confidence, affective attitude, and instrumental attitude toward driving. Discussions. The MOTRS model extends previous attempts to model older adults' driving by focusing on a novel target, driving self-regulation, and by including a wider range of predictors identified on the basis of the systematic literature review. This focus enables consideration of broader mobility issues and may inform new strategies to support the mobility of older adults.
There is an extensive body of literature related to older adult drivers, but relatively few attempts to integrate findings across studies or to develop models of driver behavior. This has resulted in a body of literature that is somewhat disjointed. A model of older adult driving behavior is important to advance our understanding of the issues that affect older adult drivers and their mobility needs. It can help to identify underlying mechanisms and establish priorities for the change that can be addressed through planning or interventions.
There are two previous models that seek to account for the behavior of older adult drivers: the 2005 Multifactorial Model of Older Driver Safety that identifies cognitive, sensory, and physical factors as relevant to safety (Anstey, Wood, Lord, & Walker, 2005) and the 2010 Driving as Everyday Competence Model proposed by LindstromForneri, Tuokko, Garrett, and Molnar (2010) , which added to these factors and many others, including social and environmental factors. An important contribution of the widely cited Anstey and colleagues' model was that it identified self-monitoring as a mediating factor in the relationship between functional decline from aging and driving. The inclusion of additional contextual factors by Lindstrom-Forneri and coworkers (2010) reflects a growing recognition of a need to consider a wider range of factors as relevant to driving and transport needs of older adults than previously occurred. A limitation of the Lindstrom-Forneri and coworkers (2010) model is that it was not constructed following a systematic literature review. This raises questions about the selection of, and evidence for, its components. A limitation of both models is that they do not explain the processes that link the identified components or explain their relative importance, with the effect that they provided a most static description of relations.
The purpose of this article was to conduct a systematic literature review that was focused on self-regulation (SR) and to propose a new theoretical model of driving in older adults based on that review. SR of driving by older adults is suggested as a means of ensuring safety and maintaining mobility. Although SR of driving is a concept that has been described for over a decade, publications addressing older adult driving SR have recently increased. The question for communities, policy makers, and clinicians is whether SR is an effective strategy, whether it can be improved, and for whom it might be a safe recommendation. Having a model of SR for older adult drivers is important to address these questions.
SR: Definition and Rationale for Becoming the Focus of a New Model
SR refers to the practice of adjusting or reducing driving in response to changes in health and functional abilities (Donorfio, D'Ambrosio, Coughlin, & Mohyde, 2009) . Specifically, as driving in certain conditions become more difficult because of increasing resource limitations (e.g., reduced visual acuity or reduced cognitive ability), older drivers may restrict their driving to those times and conditions in which they feel safe (Ball et al., 1998; HakamiesBlomqvist & Wahlstrom, 1998; Stalvey & Owsley, 2000) . Examples of SR reported by older drivers include avoiding driving at night, in the rain, or when "complex" maneuvres are required, such as turning across oncoming traffic (e.g., Baldock, Mathias, McLean, & Berndt, 2006; Charlton et al., 2006; Sullivan, Smith, Horswill, & Lurie-Beck, 2011) . The primary difference between SR and mandatory restriction of driving to specific situations is that the practice (both frequency and type) of SR is voluntary and is based on the assessment of individual older drivers themselves.
Some studies report that the majority of older adults self-regulate their driving (e.g., 60%, Ruechel & Mann, 2005; 80%, Ball et al., 1998) , whereas others demonstrate low rates of SR (8%, Baldock et al., 2006; 25%, Charlton et al., 2006; 17.5%, Horswill, Anstey, Hatherly, Wood, & Pachana, 2011; 35%-45%, Hakamies-Blomqvist & Wahlstrom, 1998; 25%, Molnar & Eby, 2008) . This variation is probably due to the use of different research definitions. Studies that measured SR as a reduction of mileage generally report a higher proportion of self-regulating older drivers than do studies that define SR situationally; that is, as a reduction in driving in specific situations. When defined as restricting driving to specific situations for safety reasons, an even lower rate of SR is reported. A complication with mileage definitions is that they measure exposure independent of context; so low mileage cannot be interpreted as evidence of SR. A complication with situational measures is that changed driving patterns (such as minimal night-time driving) could be due to broader social and environmental factors (such as decreased social engagement and increased financial restrictions) and not directly related to safety (e.g., Ball et al., 1998; Blanchard, Myers, & Porter, 2010; Myers, Paradis, & Blanchard, 2008) . Charlton and coworkers (2006) reported that more frequent reasons for reducing driving were change in employment status (34%) or changes in lifestyle (38%), whereas relatively few drivers identified health (17%) and driving-related factors (6%) as relevant. The difficulties in developing a shared understanding of this behavior may be addressed by making explicit the contributing factors, through the development and articulation of a model.
Systematic Review of the Literature on Factors Associated With Driving-Related SR in Older Adults

Selection of Literature
Relevant data were gathered by performing systematic literature searches of the MEDLINE, PsychInfo, Ejournal, ScienceDirect, EMBASE, and PUBMED databases. Peer-reviewed articles on factors associated with driving-related SR were identified using the following search terms (English language, peer reviewed only, published within the year 1998-2013): self-regulat* (i.e., included search terms such as self-regulate, self-regulating, selfregulatory, and self-regulation), self-restrict*, self-limit*, compensat*, avoidance, older, senior, elderly, and driv*. Inclusion criteria were reporting of associations (odds ratios, correlations) or p values for associations between predictors and SR (self-report or objective measures), in adults aged 55 or older. Reference lists of relevant articles were also used to identify potential studies for inclusion. After the initial perusal of the titles and abstracts, 58 articles were selected for further review. These 58 articles were reviewed in full using the method described by Wright, Brand, Dunn, and Spindler (2007) . Studies were excluded if they did not provide enough information for a systematic review (e.g., poster presentations), adopted qualitative methods, or used the same group of participants as previously included studies. The selection process is described in a flow diagram adapted from the PRISMA Flow Diagram (Figure 1 ; Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009 ). This process resulted in 29 included studies.
Method
Quality Ratings
Eligible studies were assigned a quality rating. Quality ratings were determined using the process described by Anstey and coworkers (2005) . The quality rating was derived by summing a component for sample size (N > 1,000 = 3, N = 200-1,000 = 2, N < 200 = 1), outcome measure (objective driving = 2, self-report = 1), and design (prospective = 2, retrospective or concurrent = 1). Higher ratings suggest a better quality study. Two independent raters applied the quality rating to all studies. A two-way mixed, absolute average-measures intraclass correlation was used to measure interrater reliability of overall study quality ratings (ICC = 0.96), with a high degree of agreement between raters (Hallgren, 2012) . The discrepancies between ratings were then discussed and resolved until perfect agreement was reached. ) studies received a quality rating of 3 (the lowest possible score) and the highest scoring study was rated 6 out of 7 (n = 1, 3.45%). Some other notable features of these studies are that they typically adopt correlational study designs and focus on relatively few variables. Naumann and coworkers (2011) examined self-regulation among drivers of all age groups (including older drivers). Samples were stratified by age and avoidance types. Age of overall sample and overall percentages of age groups were not provided. Gwyther and Holland (2012) examined self-regulation among drivers of all age groups. (Ball et al., 1998; Charlton et al. 2006; Okonkwo et al., 2008; Tuokko, McGee, Gabriel, & Rhodes, 2007) , annual household income (Naumann et al., 2011; Ragland, Satariano, & MacLeod, 2004; West et al., 2003) , spousal status (Charlton et al., 2006; Ragland et al., 2004) , and employment status (Braitman & Williams, 2011) . These variables were modeled to clarify their contribution.
Results
AQ2
Establishing the Elements of an Evidence-Based Model
Sociodemographic and Driving-Related Variables and SR
Although sociodemographic variables such as annual driving distance may be described as individual-level factors, some of these variables can also be interpreted as environmental level factors. For example, this distance could be an individual matter of personal choice, or because the driver has limited access to public transportation. The importance of driving-specific environmental factors has been largely overlooked in the studies to date (Table 1) . The social and economic determinants that support the use of SR, such as availability of public transport, road conditions, social networks that provide shared driving responsibilities (including other than spouse) some of which were included by Lindstrom-Forneri and coworkers (2010), are logical extension of the evidence to date and were included in the model. The inclusion of these variables may also increase the international utility of the model.
Health, Medical Conditions, and SR
Visual function is the most commonly studied healthrelated variable in older adult driver SR studies (Table 1 Siren & Meng, 2012; Windsor, Anstey, & Walker, 2008) . A significant negative correlation between visual abilities (UFOV or self-report) and SR is typically demonstrated. Although visually impaired drivers were more likely than their non-impaired counterparts to report SR, a significant proportion of visually impaired drivers did not restrict their driving in difficult situations (e.g., Okonkwo et al., 2008; Ross et al., 2009) . Thus, visual abilities should be modeled as a potential contributor to SR in older adult drivers.
Cognitive decline is also typically associated with increased SR (see Table 1 : e.g., Ball et al., 1998; Vance et al., 2006; West et al., 2003) ; however, it is important to note that many studies exclude clinical groups, the measurement of cognition is highly variable, and the point at which cognitive factors become relevant remains unclear, suggesting that this factor should be modeled.
Studies of specific health conditions and "overall health" (assessed via self-report) also demonstrate a significant positive relation with SR (Braitman & Williams, 2011; D'Ambrosio, Donorfio, Coughlin, Mohyde, & Meyer, 2008; Kostyniuk & Molnar, 2008; O'Connor et al., 2010; Okonkwo et al., 2008; Ruechel & Mann, 2005; SargentCox et al., 2011; Siren & Meng, 2012; Vance et al., 2006; West et al., 2003; Windsor et al., 2008) . Other health conditions that were found to influence SR were stroke, arthritis, hearing impairment, restricted neck and trunk rotation, and pain in the limbs (Charlton et al., 2006; Ruechel & Mann, 2005; West et al., 2003) . Further, the ability to acknowledge health conditions appears to be an important mediating factor (Okonkwo et al., 2008) . It may be that older drivers' understanding of their heath conditions, rather than their objective heath status, influences SR. Therefore, clinical predictors appear important to SR but the bulk of studies use non-clinical groups, medical conditions will be modeled as a general factor (specific conditions will not be identified) and the model will be intended for a non-clinical audience.
Psychosocial Factors and SR
Nine (out of 29) studies investigated specific psychosocial variables that may underlie driving SR (e.g., Baldock et al., 2006; Charlton et al., 2006; Gwyther & Holland, 2012; Molnar & Eby, 2008; Windsor et al., 2008) . Studies that used SR as an outcome measure demonstrate a significant association between older driver's insight into their functional abilities, their perceived driving abilities, driving confidence, and adoption of SR. Insight is most often defined as a cognitive factor or capacity that determines the level of understanding of one's impairment. This definition is common in the context of clinical environments, and we (Wong, Smith, & Sullivan, 2012) , and others (e.g., MacDonald, , have defined it this way previously. In the broader context of driving choices, we now suggest that psychosocial inputs may also interact with this cognitive factor to determine an individual's understanding of their abilities. For example, Blanchard and coworkers (2010) reported that participants who reported lower driving-related comfort and lower perceived driving abilities reported reduced overall driving exposure, less night driving, and reduced radii of travel from home (i.e., distance of travel from home). Besides insight and perceived driving ability, Gwyther and Holland (2012) reported that affective attitude mediated the well-established positive relationship between age and SR. Baldock and coworkers (2006) reported that older drivers who reported greater perceived barriers in maintaining lifestyle reported lower levels of SR. This suggests that psychosocial factors such as driving confidence should be modeled.
Other psychosocial factors that have been described in the literature as relevant to older adults' health-related behavior, such as perceived behavioral control, instrumental attitude, and perceived barriers (WHO, 2002) , have rarely been assessed in SR studies (Table 1) . These latter factors are not explicit in the model by Anstey and coworkers (2005) , but they are identified in the more recent model by Lindstrom-Forneri and coworkers (2010) . On this basis, and although the evidence base from studies in this area is weak, it seems reasonable to propose that these additional factors be included in the model, given that they are wellestablished contributors to SR of other health behaviors (e.g., Rosenstock, 1966) .
Integrating the Elements and the Need for Dynamic Relations
There is a clear need to integrate the factors associated with driving SR into a single framework or testable model that can account for dynamic interplay between the factors. It is evident from Table 1 that many studies have measured a limited set of potential predictors (e.g., Crizzle et al., 2013; D'Ambrosio et al., 2008; Gwyther & Holland, 2012; Horswill et al., 2011; Lotfipour et al., 2010; Meng, Siren, & Teasdale, 2013; Rimmó & Hakamies-Blomqvist, 2002 ; Sargent-Cox et al., 2011; Wong et al., 2012). The failure to consider a comprehensive suite of variables makes it challenging to discern any systematic patterns of interaction between SR predictors, and it can skew the perceived significance of the variables studied. This problem is not solved with the existing models, which account for a relatively small number of factors (Anstey et al., 2005) , or give weight to many factors but without describing, or allowing for, dynamic relations (Lindstrom-Forneri et al., 2010) .
A related criticism of past studies is that several of them present bivariate correlations or odds ratios between predictors and SR without adequately adjusting for covariates (Table 1) . Potential multicollinearity issues such as that between driving experience, age, number of medical conditions, gender, and confidence are not adequately addressed in most studies (e.g., Ball et al., 1998; Charlton et al., 2006; Kostyniuk & Molnar, 2008; Lotfipour et al., 2010; Naumann et al., 2011; Ruechel & Mann, 2005; Siren & Meng, 2012; Tuokko et al., 2007) . These analytic techniques can neither identify potential interactions, nor more complex mechanistic pathways that reflect the often complex and dynamic nature of the factors involved in the aging process. There is a need to systematically examine interactions between factors to identify the mechanisms involved in older drivers' adoption of SR.
Toward The Multilevel Older Persons Transportation and Road Safety Model
To address the need for a dynamic model of older adult driver SR, which draws together factors identified from the systematic literature review and articulates a theoretical relation between those factors, we proposed the Multilevel Older Persons Transportation and Road Safety (MOTRS) model (Figure 2 ). This model is proposed as a hierarchical multilevel model, consisting of four levels: (a) Sociodemographic variables, (b) Driving-specific variables, (c) Psychosocial variables, and (d) Self-regulatory driving behaviors. Both sociodemographic and driving-specific variables represent factors at the individual and environmental level. Sociodemographic variables are encompassing factors that influence many aspects of older adults' daily living at both the individual (e.g., age, gender, health condition, cognitive and visual impairment, and financial income) and environmental levels (e.g., urban density, driving-specific social policies, societal attitudes toward driving, and social capital). Driving-specific variables are factors that specifically relate to older adults' and mobility more broadly. Examples of driving-specific factors at the individual level includes insight of driving abilities, driving experience, existing driving practices, and availability of driving partners. Driving-specific factors at the environmental level include availability of alternative transportation options, road conditions, and accessibility and proximity to amenities. Examples of the psychosocial factors in the model are those based on the systematic review (e.g., driving confidence) and those drawn from the broad health behavior literature (e.g., perceived behavioral control, perceived barriers, instrumental attitude, and normative influence).
The central premise that underpins the MOTRS model is that both sociodemographic and driving-specific variables influence older adults driving SR through their psychosocial influences. The hierarchical structure of the model is consistent with findings that driving confidence and affective attitude account for the influence of age, and gender on SR. The meditational role of psychosocial variables is consistent with the broader health belief literature, which suggests that the subjective interpretation of environmental situations is a key determinant of a range of behavioral outcomes (e.g., Ajzen, 1991; Rosenstock, 1966) . Further, the inclusion of social and environmental factors, such as the availability of alternative transport and degree of dependency on other drivers, represent the view that for older adults to self-regulate their driving, alternative social, and/or infrastructural support may be needed to satisfy their mobility needs.
The second assumption of the model is that each variable can simultaneously generate excitatory (i.e., positive) and inhibitory (i.e., negative) activation of the network.
This assumption draws on the dynamic framework provided by general connectionist models (Smith, 1996) . Originating from cognitive psychology (McClelland & Rumelhart, 1986; Rogers & McClelland, 2004) , the connectionist framework has been applied to a diverse range of social psychological areas due to its ability to account for the dynamic interactions between factors (e.g., Queller & Smith, 2002; van Overwalle, 2007) . Connectionist models involve many simple processing units operating in parallel and affecting each other's activation through a network of weighted connections (Smith, 1996; Thomas & McClelland, 2008) . Using the connectionist framework, the MOTRS model assumes that whether or not an older adult practices driving SR is determined by a combination of excitatory and inhibitory activation received in parallel from various sociodemographic and driving-specific factors, through their collective influence on their psychosocial variables. As an illustration (Figure 3 ), relocation to an urban area, at the sociodemographic factor level, could generate excitatory activation of factors at the driving-specific level, such as better road conditions and increased alternative transportation options. Simultaneously, the dislocation from existing social networks could generate inhibitory activation of factors, such as decreased availability of driving partners. These activations travel forward in the model, producing change in other variables such as instrumental or affective attitude to driving. As such, information is not necessarily put into the network in a sequential manner as occurs with the existing models; rather, input can be distributed to a number of components of the model at once, in a parallel and simultaneous manner. This parallel distribution may be necessary to account for the complex interactions occurring in the older driver context, particularly mediating and moderating relationships between factors described in the current literature.
The final two assumptions of the MOTRS model relate to the process of learning. There is abundant behavioral and neurological evidence that humans are capable of lifelong learning, more importantly, relearning over time. Most current driver behavior models, and traditional health behavior models, are based on unidirectional causal pathways (Smith, 1996 (Smith, , 2009 . The lack of an explicit mechanism for updating existing decision pathways implies that attitudes and beliefs are fixed and are resistant to change. Although attitudes can influence behavior through a bottom-up processing, behavior can also cause changes in beliefs and attitudes though top-down processing. An example within the older driver context is that a "near-miss" could influence the driver to reconsider their beliefs about their driving; or, the use of SR in face of increased functional impairment could occur because of adaptive learning. Thus, the fixed nature of existing models represents a significant limitation; they cannot readily account for changes in older adult drivers' use of SR. The MOTRS model accommodates adaptive learning through the use of bidirectional causal pathways, particularly involving modifiable psychosocial factors. For example, a driving error such as a "near-miss" collision can be noted and flow back through the network, providing information on how the weighting of pathways should be changed-a process referred to as back propagation (e.g., a reduction Perceived Behavioral Control such as "maybe I am not controlling the vehicle as well as I thought I was"). Consistent with the notion that attitudes and beliefs can be modified through behavior, when compared with current older drivers, older ex-drivers reported more positive attitudes toward driving cessation (Edwards et al., 2009 ). This change in attitudes following driving cessation demonstrates the dynamic interaction between behaviors and attitudes that the MOTRs model attempts to capture.
The final assumption relates to another aspect of learning: incremental learning. Within the MOTRS model, the recency and frequency with which a pathway has been activated influences the ease and speed of subsequent activation when elicited by similar cues, sometimes at the expense of other unrelated pathways. For example, as a result of a recent relocation to an urban area, a pathway between the availability of alternative transport and instrumental attitude of vehicle, SR could be activated. The frequent access of this pathway via increased use of public transport would strengthen this pathway, thereby increasing its weighting. This learning process might be to the detriment of other, less used pathways, such as the connection between availability of driving partners, instrumental attitude, and SR. Put simply, over time, the availability of alternative transport may become a stronger predictor of SR than might the availability of driving partners. This novel prediction, based on the importance of recent and frequent exposure, is common in cognitive models but is not intrinsic to most theoretical frameworks within the transportation, aging, and social psychology literature. Perhaps because they are often developed using information from cross-sectional surveys, traditional transportation and aging models are based on unidirectional causal pathways (Smith, 1996 (Smith, , 2009 . Using methods such as longitudinal modeling and computational modeling (e.g., Ferrer & McArdle, 2010; MacCallum & Austin, 2000) , assumptions regarding older adults' learning behaviors in SR can be empirically tested.
Practical and Research Implications
Neither of the existing older driver safety models (Anstey et al., 2005; Lindstrom-Forneri, Tuokko, & Rhodes, 2007) focus on driving SR, which is an important precursor to driving cessation and a behavior that holds promise as a point of intervention for improving the safety and extending the functional mobility of older adults (Dickerson et al., 2007) . These previous models were intended to describe different targets; therefore, some differences are to be expected. For the purposes of describing older adult driving SR, however, we suggest that previous models have not adequately considered the influence of psychological and social factors, nor illustrated the dynamic interactions between these constructs in an empirically testable manner. The Transportation and Aging Interest Group of the Gerontological Society of America has identified that there is a critical need for a theoretical model that considers the driver, the environment, and the interaction between the two, as well as self-beliefs and societal influences (Dickerson et al., 2007) ; the MOTRS model meets these requirements and may help to address this gap.
The MOTRS model is the first older adult driver SR model to integrate the factors and assumptions identified from a systematic literature review, with factors that have been found to be important predictors of SR and health behaviors generally. This combination means that the model is composed of factors that are comparatively well understood in the driving context such as age, gender, and visual impairments and factors that are well established in other contexts but require further investigation in driving research (such as environmental and psychosocial factors). The MOTRS model allows the generation of specific and testable pathways about the dynamic interactions of factors. If supported by data, the model could also be used as a framework for developing and evaluating interventions to improve the safety and mobility of older adults. For example, a prediction of the model is that to improve the use of SR, effective interventions need to not only address specific variables (e.g., awareness of health conditions) but also consider other individual, environmental determinants, and psychosocial factors of the individual.
Given the lack of investigation on the psychosocial factors that underlie SR, it is likely that the current systematic review has not identified all important psychosocial variables in the process of SR. Future research should consider variables such as self-efficacy and sense of mastery, which have been documented psychosocial determinants of driving and health-related behaviors (Bandura, 2004; Schwarzer, 1992) . The influence of factors related to personality such as impulsivity, sensation seeking, and conscientiousness should also be explored. Ideally, the exploration of these and other related variables could occur in the context of a comprehensive evaluation of the full model.
The limitations of this model and review are that we only used published peer-reviewed studies identified using specific databases and search terms. This strategy risks omitting some studies or findings, and in particular, we did not include research published in languages other than English. Technical, government and internal reports, nonpeer reviewed articles, and conference abstracts (i.e., sometimes referred to as the "grey literature") were also not reviewed, and there is a risk of publication bias. Further, the quality metric, while established is not widely used and relies on a few selected parameters. For inclusivity, we also allowed variation in the definition of SR of reviewed studies. Different variables may have been modeled if these methodological considerations had been actioned otherwise; however, the intent of this article was to generate an exploratory model based on a defined review process, and this model should be regarded as tentative until empirically tested.
Conclusion
A mismatch between the use of SR and older adults' driving ability has been reported in a number of studies (e.g., Baldock et al., 2006; Charlton et al., 2006; Cushman, 1996; Marottoli & Richardson, 1998; Sullivan et al., 2011) . These studies report that while some older adults are aware of their functional abilities and self-regulate their driving accordingly; overall, SR is not associated reliably with driving performance as assessed by simulated and on-road driving performance. The MOTRS model could assist in unpacking these complex relationships. It may help to identify if and when driving SR is useful and the extent to which it may play a role in improving and sustaining older adult mobility.
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